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Introduction 
• Drought years are becoming more frequent in Portugal, a 
country in the Mediterranean climate zone, where climate 
change is leading to an increase in water limitation for crops 
and higher demand for irrigation water. 
• During 2017 Portugal experienced a drought that extended 
throughout almost the entire territory of mainland Portugal, 
reaching the level of severe drought in 81% of the territory. 
The Baixo Alentejo region (South Portugal) was one of the 
most affected areas. 
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• Traditionally, in Baixo Alentejo, rainfed, 
extensive farming systems were 
predominant. 
• Presently, agriculture in large areas of 
the region is changing thanks to the 
availability of water provided by the 
Alqueva reservoir (Guadiana river basin) 
part of the Multi Purpose Development of 
Alqueva: 
• Public water supply;  
• Agriculture;  
• Industry; 
• Energy production; 
• Tourism. 
 
Alqueva  dam and reservoir 
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• Crops already practiced in the region are now grown in 
more intensive farming systems and there has been an 
increase of new crops and cultivars adapted to 
environmental conditions and water availability. 
Traditional Alentejo 
agricultural system: holmoak 
and winter cereals 
Super intensive olive 
grove with drip irrigation 
Maize and Opium poppy with 
sprinkler irrigation (center-pivot) 
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impact in the 
region, with a 




• However, water scarcity conditions and high atmosphere 
evaporative demand increase the risk of land salinization. 
• The maintenance of long-term salt balance at a crop, farm or 
regional scale is critical for sustainable crop production in 
irrigated agriculture. 
• For this purpose, in this study we focused on: 
i. assessing the quality of the Alqueva reservoir 
water for irrigation; 
ii. estimating risks of yield losses of the most 
representative crops grown in the area due to 
salinity.  
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Methods 
Study area 
• The Alqueva irrigation area has a 
total area of 120000 ha, of which 
about 70000 ha were in operation 
in 2017. 
• The dominant climate in the region 
is Mediterranean (Csa).  
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• 2017 land occupation: 
Olive; maize; grapevine; forages 
and pastures; barley; wheat; 
sunflower ; horticultural crops 
(almond ; melon; tomato; pepper; 
garlic; onion; etc). 
Methods 
Water chemical characterization  
• Performed every two months. pH, 
electrical conductivity (ECw,), and the 
major inorganic ions, decisive in 
evaluating the quality of water for 
irrigation, were analyzed in water 
samples collected at 4 platforms 
(Montante, Mourão, Álamos, Lucefécit) 
located in the reservoir. 
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Irrigation water quality 
• Evaluated using both the Portuguese regulations (DL 236/98) 
and the FAO guidelines (Ayers and Westcot, 1985), comparing 
parameters that are common to both standards. 
DL 236/98 excerp 
FAO paper nº 29 excerp 
Methods 
Soil salinity 
• Soil salinity (ECe) estimates were obtained according to Ayers and 
Westcot (1985), with     𝑬𝑪𝒆 = 𝑬𝑪𝒘 ∙ 𝑿 
considering two salt concentration factors: 
•  X = 1.5, a standard value for leaching fractions (LF) of 0.15, 
representing a medium-high irrigation efficiency and;  
• X = 3.2, for LF = 0.05, corresponding to high irrigation efficiency with 
low percolation losses. 
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• Relative crop yield (Yr) of the most representative crops was 
assessed using the linear function (Maas and Hoffman, 1977): 
𝒀𝒓=𝟏𝟎𝟎−𝒃∙(𝑬𝑪𝒆−𝒂) 
Where: b - is the slope of the function; a - is the threshold salinity of the 
crop. 
 
Potential yield  
Results 
Drought characterization 
• 2017 was an extremely hot and dry year (among the 4 driest years since 
1931). Total annual precipitation was about 35% below the normal value 
in the region (long-term mean of 558 mm for the 1981-2010 period).  
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• The period from April to December, 
had persistently negative 
precipitation anomalies: two 
periods with four consecutive 
months precipitation values 
below normal.  
• The first dry period (April to July) 
overlaps the growing season of 
Spring-Summer crops, further 




• Over the year, there was a slight upward trend in Sodium, 
Calcium, Chloride, Sulfate, ECw and SAR. 
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Results 
Chemical parameters 
• pH remained stable around 8.0, 
with the maximum value (9.1) 
recorded in September in Lucefécit. 
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• In general, highest 
concentrations and values 
occured in samples 
collected in the Mourão 




Irrigation water quality 
• ECW and SAR values were in compliance at all sites and 
dates 
• Only two parameters were in non-compliance at some dates 
and sites: Chloride (>70 mg/l) and, primarily, pH (outside the 
range 6.5 - 8.4).  
• Results showed a slight to moderate degree of restriction 
of use due to soil infiltration rate declines and surface 
crust formation problems. 
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Results 
Potential yield reductions 
• Risk of yield reductions for salt concentrations factor X = 3.2, representing the most 
common irrigation systems found in the Alqueva area - drip and center-pivot 
systems. 
• The main crops in the perimeter (olive, maize or grapevine) would not be salt 
affected or else the potential yield reductions would be below 5%. 
• Potential yield reductions from 6 to 10% were estimated for sensitive or moderately 
sensitive, open-field, horticultural crops, such as melon, onion or pumpkin 
• The highest potential yield loss (resulting from water samples collected between May 
and November) was estimated in strawberry, one of the most sensitive crops 
relatively to salinity tolerance scale. Nonetheless, strawberries are a greenhouse 
hydroponic cultivation occupying a residual area in the region. 
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Conclusions 
• ECW and SAR values were in compliance at all sites and dates.  
• In the Spring-Summer season, water presented pH values outside 
the recommended range.  
• Water quality assessment regarding soil infiltration rate decline and 
surface crust formation problems showed a slight to moderate 
degree of restriction of use. This result should be taken into account 
when surface or sprinkler irrigation systems are used, particularly in 
fine textured and poorly structured soils.  
• Yield reductions estimates for the main crops in the perimeter (olive, 
maize and grapevine) were none or below 5%. In open-field 
horticultural crops like melon, onion and pumpkin, salt sensible, 
estimates were in the range of 6 to 10%, so appropriate agronomic 
management practices, such as the addition of leaching fractions to 
irrigation, should be taken into account. 
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Thank you! 
atomaz@ipbeja.pt   
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